Calpain-mediated degradation of G-substrate plays a critical role in retinal excitotoxicity for amacrine cells.
The role of neuronal N-methyl-D-aspartate (NMDA) receptor-mediated intracellular signaling has been elucidated in both physiological and pathological conditions. However, the details of relative vulnerability for excitotoxicity remain unknown. Retinal excitotoxicity is involved in various diseases leading to irreversible blindness. Here, we used the visual system and explored the mechanistic details of the NMDA-elicited intracellular events, especially in the amacrine cells, which are the most vulnerable type of neuron in the retina. G-substrate, a specific substrate of cyclic guanosine 3',5'-monophosphate (cGMP)-dependent protein kinase, is colocalized with amacrine cells and acts as an endogenous inhibitor of protein phosphatase. To elucidate how G-substrate was involved in NMDA-induced amacrine cell death, the immunohistochemical analysis with G-substrate antibody was performed following NMDA injury. In vivo, NMDA immediately decreased G-substrate immunoreactivity, and the suppression of calpain activation using ALLN or calpain III, an inhibitor of calpain, blocked this decrease. In vitro, degraded fragments of G-substrate were detected within 10 min after coincubation of G-substrate and calpain. Moreover, G-substrate knockout (G-substrate(-/-)) mice were more susceptible to NMDA injury than wild-type mice. ALLN did not have a neuroprotective effect in G-substrate(-/-) mice. These data strongly suggest that calpain-mediated loss of G-substrate represents an important mechanism contributing to NMDA-induced amacrine cell death.